Crotosparsamide (1), a new cyclic nonapeptide, has been isolated from the n-butanol soluble sub-fraction of Croton sparsiflorus along with p-hydroxy methylcinnamate and kaempferol, which are reported for the first time from this species. Their structures were determined by chemical and spectral studies including ESIMS, and 1D and 2D NMR spectroscopic data.
Cyclic peptides have been isolated from marine and micro organisms [1] as well as from higher plants [2] of the families Caryophyllaceae [3, 4] , Labiatae [5, 6] , Linaceae [7] , Annonaceae [8] , Amaranthaceae [9] and Euphorbiaceae [10, 11] . Plant cyclopeptides [12, 13] are cyclic compounds formed with the peptide bonds of 2-37 protein or non-protein amino acids, mainly L-amino acids. From higher plants, cyclolinopeptide A was the first Caryophyllaceae-type cyclopeptide isolated from the seeds of Linum usitatissimum. The structure was determined in 1959 [7] . The cyclopeptides are divided into two classes, five subclasses and eight types [2] on the basis of their structure and distribution in plants. Highly functionalized natural cyclic peptides are being used as therapeutic agents. Many of these bioactive cyclic peptides contain tryptophan residues such as diazonamides, complestatin and celogentins. These peptides are extensively modified through incorporation of an oxygen functionality into the amino acid residues and/or oxidative cross-linking of the indole group of the tryptophan side chain [14] .
The aim of our research was to isolate and identify bioactive and structurally novel compounds from Croton species. The genus Croton is an important genus of Euphorbiaceae comprising 1300 species growing as trees, shrubs and herbs in tropical and subtropical regions of both hemispheres [15] . C. sparsiflorus (syn. C. bonplandianus) is a shrub growing in sandy clay soil in Asia and South America [16] . A literature survey revealed that a number of alkaloids have so far been reported from this plant [17, 18] . The chemotaxonomic and ethnopharmacological importance of the genus Croton prompted us to carry out further phytochemical studies on C. sparsiflorus. As a result, we herein report the isolation and structural elucidation of a new cyclic peptide named, crotosparsamide (1) (Figure 1 ), along with p-hydroxy methylcinnamate (2) and kaempferol (3), reported for the first time from this species.
The 80% ethanolic extract of the whole plant of C. sparsiflorus was suspended in water and extracted successively with n-hexane, dichloromethane, ethyl acetate, n-butanol, and water. Column chromatographic techniques applied to the n-butanol soluble fraction led to the isolation of a cyclic nonapeptide, which was named crotosparsamide (1). The ethyl acetate soluble . The UV spectrum (MeOH) showed bands at 204 and 193 nm, while the IR spectrum showed absorptions at 3306 (HN), 1665 (amide), and 1606-1400 cm -1 (aromatic moiety). The HR-ESI-MS showed the [M+H] + peak at m/z 829.4521 consistent with the formula C 39 H 61 O 10 N 10 . The 1 H NMR spectrum showed two N-H signals at δ 7.51 and 7.05, which were coupled with each other and each gave HMBC correlations to a methylene carbon signal at δ 36.6. This indicated the presence of an -NH 2 group. The 13 C NMR spectrum showed 10 carbonyl signals (δ 170.9-175.4) and 9 carbon resonances in the region of δ 43.8-63.8. The DEPT 13 C NMR spectrum revealed that six of them represent methine and three methylene carbons. All these data suggested that 1 was a peptide consisting of nine amino acids, out of which three are glycine and another asparagine. The 1 H and 13 C NMR spectra of 1 also showed signals indicating the presence of a monosubstituted benzene ring, suggesting the presence of a Cyclic peptide from Croton sparsiflorus Natural Product Communications Vol. 5 (12) 2010 1887 phenylalanine moiety. The 1 H-1 H COSY spectrum along with HMQC and HMBC spectra allowed the determination of the amino acids leucine, valine and alanine besides glycine, asparagine and phenylalanine. Since the molecular formula showed 15 double bond equivalents, it was evident that compound 1 is a cyclic nonapeptide. The sequence of amino acids was determined by the extensive use of a combination of 1 H-1 H COSY, NOESY and HMBC. In the HMBC correlations, all the α-carbons showed 1,3 J correlations with the carbonyls of the adjacent amino acid, as shown in Table 1 . The sequence of amino acids in 1 was further confirmed by the evidence of peptide fragments in the ESI-MS-MS at m/z 275 (Phe-Ala-Gly), m/z 489 (Phe-Ala-Gly-Asn-Val), m/z 545 (Phe-Ala-Gly-Asn-Val-Gly), m/z 659 (Phe-Ala-Gly-Asn-Val-Gly-Leu), and m/z 771 (Phe-Ala-Gly-Asn-Val-Gly-Leu-Leu). On the basis of the above evidence the amino acid sequence in 1 was determined as cyclo (-Gly 1 -Leu 2 -Leu 3 -Gly 4 -Val 5 -Asn 6 -Gly 7 -Ala 8 -Phe 9 -) ( Figure 1 ). The absolute configurations of the amino acids of 1 were shown to be all L, by comparison of the chromatograms from GC analysis of suitably derivatized L-and D-amino acid standards with those obtained from the acid hydrolyzate of the peptide [19] . This finding is consistent with the observation that all cyclic peptides isolated to date from the Euphorbiaceae family consist exclusively of L-amino acids [10, 11] .
The known compounds p-hydroxy methylcinnamate (2) and kaempferol (3) were also isolated from the ethyl acetate soluble fraction and identified by comparison of physical and NMR data with those in the literature [20, 21] .
Experimental

General experiment procedures:
Column chromatography was carried out using silica gel (230-400 mesh, E. Merck, Darmstadt, Germany), Diaion HP-20 ion exchange resin (Nippon Rensui Co., Mitsubishi Chemical Corporation, Tokyo, Japan) and Sephadex LH-20 (25-100 μ, Amersham Biosciences Limited, Stockholm, Sweden). TLC was performed using precoated silica gel F 254 plates and detection was achieved at 254 and 366 nm, and by spraying with ceric sulfate in 10% H 2 SO 4 and ninhydrin [2] . The UV spectra were recorded on a Hitachi UV-3200 spectrophotometer, while the IR spectra were recorded as KBr pellets on a Jasco 302-A spectrometer. Optical rotation was recorded on a Jasco P-2000 polarimeter. Mass spectra were measured in electron spray ionization mode (LRESIMS, HRESIMS and ESI-MS-MS) on QSTAR XL spectrometers and ions are given in m/z (%). Melting points were determined on a Gallenkemp apparatus and are uncorrected. The 1 H, 13 C and 2D ( 1 H-1 H COSY, HMQC, HMBC, NOESY) NMR spectra were recorded on a Bruker AMX-400 spectrometer in CD 3 OD using standard pulse sequence. Chemical shifts are reported in ppm (δ), relative to tetramethylsilane used as an internal standard, and scalar coupling are reported in Hz. GC analyses were carried out using a Shimadzu GC-17A Gas Chromatograph. 
Extraction and isolation:
The freshly collected whole plant material of C. sparsiflorus (18 Kg) was shade dried, cut into small pieces, and extracted with 80% ethanol (3 x 20 L, 10 days each) at room temperature. The combined ethanolic extract was evaporated under reduced pressure at rt. to yield a residue (300 g), which was suspended in water and successively extracted with n-hexane (50 g), CH 2 Cl 2 (10 g), EtOAc (6 g), n-BuOH (14 g) and water (220 g). The n-butanol soluble fraction was subjected to CC over diaion HP-20, eluting with water, water-methanol and methanol in decreasing order of polarity. The fraction obtained with water-methanol (1:1) was re-chromatographed over Sephadex LH-20 and eluted with mixture of CHCl 3 -MeOH in increasing order of polarity. The fractions eluted with 15% CHCl 3 / MeOH provided a semi-pure compound, which was rechromatographed over silica gel and eluted with CH 2 Cl 2 : MeOH (9.0:1.0) to afford crotosparsamide (1) (12 mg).
The ethyl acetate soluble fraction was subjected to CC over silica gel and divided into 8 sub-fractions by eluting with n-hexane, n-hexane-CH 2 Cl 2 , and CH 2 Cl 2 -MeOH in increasing order of polarity. The fractions eluted with n-hexane: CH 2 Cl 2 (2.0:8.0) were re-chromatographed over silica gel and eluted with the same solvent system to afford compound 2 (10 mg). The fractions eluted with CH 2 Cl 2 were triturated with dry acetone, and the residue was re-chromatographed over silica gel, eluting with CH 2 Cl 2 : MeOH (9.9:0.1) to afford compound 3 (20 mg) as a yellow amorphous powder. 
Crotosparsamide
Acid hydrolysis of 1:
